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Ultraperipheral collisions at collider energies are a useful tool to study photon-hadron (proton/nucleus) and 
photon-photon interactions in a hitherto unexplored energy regime. Theoretical tools to study these processes 
are briefly described. Some current results and problems are discussed. 



1. Introduction 

Hadron-hadron collisions can be an interest- 
ing tool to study photon-photon and photon- 
hadron interactions. Of course, hadron-hadron 
collisions are dominated by strong interactions 
between the hadrons. However, by choosing col- 
lisions with large impact parameter b (or, equiv- 
alently, small momentum transfer) one can sup- 
press these strong interactions (so-called ultrape- 
ripheral collions (UPC)). An early observation of 
dimuon pairs at the ISR without the production 
of hadrons is described by F.Vannucci pQ. Dielec- 
trons from ultraperipheral peripheral interactions 
at the Tevatron were discussed at this workshop 

A fast moving charged particle acts like a spec- 
trum of quasireal photons. This equivalent pho- 
ton spectrum is soft, with a maximum photon en- 
ergy increasing with beam energy. In heavy ion 
collisions this field is so strong that there is multi- 
ple photon exchange and cross sections, especially 
for soft processes, can be huge. 

In Section 2 the characteristic properties of the 
equivalent photon spectrum are recalled. Glauber 
or semiclassical models are used to treat multi- 
photon processes. Vector meson production at 
RHIC energies is discussed in Section 3. An es- 
pecially interesting feature is the transverse mo- 
mentum distribution. Section 4 is devoted to 
the special problem of e + e~ pair production. A 
very brief outlook on prospects at the LHC is 
given in Section 5, conclusions are given in Sec- 



tion 6. There are various reviews which reflect 
the progress of the field during the last decades 
|3I4I5I6I7I8I»TTu] . 

2. Theoretical description of UPC 

2.1. One photon exchange, equivalent pho- 
ton aproximation 

The time-dependent electromagnetic field of a 
fast moving charged particle can be thought of 
as a spectrum of (quasireal, or equivalent) pho- 
tons [llj . see Figure [TJ The determination of the 
equivalent (or Weizsacker- Williams) photon spec- 
trum corresponding to a fast particle moving past 
an observer on a straight line path with impact 
parameter b is a textbook example 12J. 

The probability P(b) of a specific photon- 
hadron reaction to occur in a collision with 
an impact parameter b is given by P{b) = 
iV(w, 6)cr 7 h(w), where a^h is the corresponding 
photoproduction cross section. The equivalent 
photon spectrum can be calculated analytically, 
a useful approximation for qualitative considera- 
tions is 
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for lo < ^ and zero otherwise. The nuclear charge 
is given by Z ', heavy ions have particularly high 
photon fluxes, however, this is partially offset by 
the lower ion-ion luminosities, as compared to the 
p-p case. 

The impact parameter b is restricted to 



b> b r . 
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Figure 1. A fast charged particle moving on a 
straight line with impact parameter b causes a 
time-dependent electromagnetic field at the point 
of the observer. This field corresponds to a spec- 
trum of equivalent photons. 



where R\ and i?2 denote the sizes of the hadrons. 

For heavy ion scattering the Coulomb param- 
eter r\ = ~ Z 2 /137 is much larger than 
unity and it is in principle possible to determine 
the impact parameter by measuring the angle of 
Coulomb scattering. Whereas this is experimen- 
tally feasible at lower (~ GeV/A) energies [15] . 
this angle is too small at collider energies. So one 
generally measures quantities integrated over all 
impact parameters. Too small impact parame- 
ters are recognized since the event is dominated 
by the violent strong interactions. 

The photon spectrum Eq. [1] extends up to a 
maximum photon energy given by 



7 



(3) 



This energy is about 3 GeV at RHIC (Au-Au, 
7 ~ 100), and 100 GeV at LHC (Pb-Pb, 7 ~ 
3000) in the collider system. For p-p collisions at 
the LHC it is several hundreds of GeV. With the 
possibitity to tag on these photons by observing 
the forward protons this is of great interest, as 
was discussed at this workshop. 



2.2. Improvement on equivalent photon 
approximation 

As the name implies, the equivalent photon 
aproximation is an approximation. The virtual, 
spacelike photon which is exchanged is assumed 
to be real, and a suitable cut-off has to be intro- 
duced. This cut-off parameter enters only in a 
logarithm, and it is not sensitive to details. It is 
of course also possible to calculate the one-photon 
exchange process in a direct way by evaluating 
the corresponding Feynman graph, where the ex- 
changed photon is treated as a virtual particle. 
It is straightforward to introduce electromagnetic 
formfactors for the protons or nuclei. They are 
suffiently well known for the present purposes. 
This could be directly implemented into com- 
puter programs like Madgraph (see Michel Her- 
quert, this workshop). The approximations in- 
troduced in the equivalent photon approximation 
are discussed in detail in [TJ, see also [T5] , 

2.3. Multiphoton processes, Glauber ap- 
proximation 

For heavy ions the probability of an electro- 
magnetic interaction in ultraperipheral collisions 
is especially large, and multiphoton processes oc- 
cur, see e.g. Hi . We mention e + e~ pair pro- 
duction where the impact parameter dependent 
total pair production probability P(b) is of or- 
der unity. Multiple pairs can be produced, how- 
ever they may be hard to detect due to their low 
transverse momentum. The nuclear giant dipole 
resonance is excited with probabilities of the or- 
der of one third. For a reliable estimate of the 
giant dipole excitation probability on can use the 
global formula 



P(b) = 5.4 x lQ- 5 Z 3 NA- 2/3 fm' 2 



(4) 



where a collision of two identical nuclei with mass 
number A and neutron number N was assumed. 
It is based on the Thomas-Reiche-Kuhn sum rule, 
and the excitation energy of the giant dipole res- 
onance is assumed to be 80^4 _1 / 3 MeV. For more 
accurate numbers one uses the experimentally 
known photonuclear cross sections and folds them 
with the equivalent photon spectrum. In Figure 
[2] one of the graphs is shown which leads to the 
electromagnetic production of a p° along with the 
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excitation of the giant dipole resonance. These 
graphs can conveniently be evaluated in semiclas- 
sical or eikonal theories [IB]. Whereas the total 
cross section for one-photon exchange processes 
depends only logarithmically on the minimum 
cut-off radius R, the N-photon exchange process 
scales as l/i? 2 ^^ 1 ). Thus it becomes more im- 
portant to have a reliable value for this strong 
cut-off parameter in the case of multiphoton ex- 
change. 




GDR 



Figure 2. A graph contributing to the simultane- 
ous production of a p-meson and the excitation 
of the giant dipole resonance (GDR). 



The giant dipole resonance decays dominantly 
into a neutron and a residual nucleus. The neu- 
tron can be detected in the forward direction. 
This can serve as a luminosity monitor and also 
as a trigger on UPC [T7] , 

3. Vector meson production at RHIC 

Recently p° photoproduction in ultraperiph- 
eral relativistic heavy ion collisions at v /JJv7v=200 
GeV was reported by the STAR collaboration 
|18j . Two kinds of triggers were used, a topology 



trigger and a trigger based on the observation of 
neutrons in the Zero Degree Calorimeter (ZDC). 
In the latter case, the vector meson photoproduc- 
tion is accompanied by mutual electromagnetic 
excitation of the giant dipole resonance. I would 
like to point out that a reliable theoretical value 
for the giant resonance excitation probability (or 
rather photoneutron cross section) has to be used 
in order to extract absolute values for the differ- 
ential photoproduction cross section. 

A feature unique to photoproduction in 
hadron-hadron collisions is an interference effect 
|19j : a vector meson can be produced by a pho- 
ton originating from either of the hadrons. It was 
shown in [T5] that this interference effect leads 
to a reduction of the transverse momentum spec- 
trum of the vector mesons for small transverse 
momenta. Another theoretical approach [20] 
leads to very similar conclusions. In this paper 
Glauber and semiclassical methods (shown to be 
essentially equivalent) are used to describe the 
interference phenomenon. The differential cross 
section is found to be 

where 

a = ai (b)a 2 (b)(a v (b, v x , Y) + e-^a v (-b, v x ,-Y)) (6) 

Here a\ and a 2 denote the nuclear excitation, the 
amplitude for vector meson photoproduction is 
denoted by ay- The vector meson perpendicular 
momentum is v±, Y is the rapitidy and b the im- 
pact parameter. (Preliminary) experimental re- 
sults from STAR/RHIC indeed show a dip for 
small transverse momenta, see e.g. Ref. [10] . 

4. Electron-positron pair production 

Electron-positron pair production in ultrarel- 
ativistic heavy ion collisions was recently re- 
viewed in [21]. The electromagnetic fields are 
very strong, of the order of or even larger than the 
Schwinger critical field strength which is given by 

E c = ™1^L ~ 1.3 x io 16 V/cm (7) 

where m e denotes the electron mass. However, 
these fields act only for a very short time and per- 
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turbation theory is an appropriate tool to study 
these processes. Higher order effects are present 
and were studied theoretically over the past years, 
and the effects are well understood. For further 
details and a comparison to the physics of ultrain- 
tense laser pulses we refer to |21j . 

Electron-positron pair production in ultrape- 
ripheral collisions accompanied by mutual giant 
dipole excitation was measured at STAR and 
analysed with equivalent photon method [22]. A 
lowest order QED (two-photon pair production) 
calculation is given in [23 . In view of the limited 
statistics, agreement between theory and experi- 
ment can be considered as satisfactory. 

In a more recent analysis by A. Baltz [21] the 
neutron production probability is treated in more 
detail and higher order QED effects are included. 
The author concludes that the experiment [22] is 
in good agreement with the higher order calcula- 
tion. 

4.1. Bound-free pair production 

In bound-free pair production the electron is 
produced in a bound atomic orbit (K-,L-,.. shell). 
It scales approximately as 

Z 7 ln-y8 w , . 

a - (8) 

where n and 1 denote the principal and agular mo- 
mentum quantum numbers of the atomic bound 
state. These ions with their changed charge-to 
mass ratio will get lost from the beam and they 
will heat up the beam pipe in a hot spot. It 
was identified as a serious limit for the luminosity 
in Pb-Pb collisions at LHC. The bound- free pair 
production cross section was recently measured at 
RfflC [21]. Agreement with theory [2S] is good. 
The bound-free pair production mechanism was 
also used in the production of fast antihydrogen 
at LEAR in 1996 by W. Oelert et al.[27]. 

5. Opportunities for UPC at LHC 

The events caused by ultraperipheral collisions 
may be called 'silent events', as compared to the 
voilent central collisions. However, the collision 
of a 100 GeV equivalent photon with another one 
of similar energy can lead to lead to events that 
are not so 'silent'. Anyway, the events are there, 



but experimentalists must find ways to trigger on 
them. 

The maximum photon energy scales linearly 
with the Lorentz factor 7, see eq. 3. This 
leads to a significant widening of the opportu- 
nities at LHC as compared to RHIC. A most 
promising area is low-x QCD studies. The exper- 
iments at HERA have shown that photoproduc- 
tion processes provide a well-understood probe of 
the gluon density in the proton. At LHC, such 
processes could be extended to invariant jp en- 
ergies exceeding the maximal HERA energy by a 
factor of 10. This would allow to use dijet (charm, 
etc.) production to measure the gluon density in 
the proton and/or nucleus down to x ~ 3 x 10~ 5 . 
Ultraperipheral collisions would also allow one to 
study the coherent production of heavy quarko- 
nia, 7 + A J/*(T) + A at x ^ 10~ 2 , and 
to investigate the propagation of small dipoles 
through the nuclear medium at high energies, see 
Ref. [28|, see also Refs. [29130] . Dijet production 
via photon-gluon fusion is calculated in Ref. [31] . 
Very large rates are obtained that will consider- 
ably extend the HERA x range. 

In addition to diffractive processes in proton- 
proton collisions at LHC also a rich program of 
proton-photon and photon-photon physics can be 
pursued, see Ref. 32J. The photon flux is lower 
as compared to the heavy ion case due to the Z 2 - 
factor, but this is at least partly compensated by 
higher beam luminosities. The photon spectrum 
is harder due to the smaller size as compared to 
the heavy ions, this leads to a lower value of b m i n 
in Eq. 3 . Possibilities for electroweak physics and 
beyond were discussed at the present workshop. 
Tagging on photon energy by measuring the en- 
ergy loss of the scattered protons in the forward 
detector TOTEM is an important feature. 

The production of the Higgs boson by photon- 
photon fusion would be of obvious interest. A 
value of 3.9 nb for Au-Au collisions at the LHC 
was given recently in [33] . This is a large value, 
as compared to numbers reported previously, see 
e.g. Ch. 7.2.7 of Jo]. Absorption seems to be 
treated somewhat differently in 33J as compared 
to the methods developed in [34|35j . 
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6. Conclusions 

Ultraperipheral collisions at the LHC can pro- 
vide a new means of studying small x QCD, elec- 
troweak physics and physics beyond the standard 
model. Some issues related to the theoretical de- 
scription of ultraperipheral heavy ion collisions 
are briefly discussed in this contribution. 
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